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Introduction 
Environmental radiological monitoring at nuclear power plants 
requires measurement of radiostrontium in samples of surface water, 
ground water and milk. The two strontium radionuclides of specific 
interest are strontium-89 (50.5 day half-life, 1.49 Mev max. beta 
particles) and strontium-90 (28.8 year half-life, 0.546 Mev max. beta 
particles). Analysis of these two radionuclides is more difficult 
than that of most other fission and activation products at nuclear 
power stations because they two do not emit gamma rays which permit 
non-destructive analysis. Radiostrontium must be chemically separated 
from the sample and then counted with a beta-particle detector. The 
detector used is a gas-flow proportional counter with anticoincidence 
background subtraction and automatic sample changer. 
The detector must be calibrated for counting efficiency in order 
to convert the count rate to a disintegration rate in units such as 
disintegrations per minute, picocuries, or becquerel (disintegrations 
per second), so that results can be reported in terms of these values 
per liter or kilogram. Calibration is performed with standard 
solutions of strontium-89 and strontium-90 counted under the same 
conditions as the samples. 
The counting efficiencies for strontium-89 (Sr-89), strontium-90 
(Sr-90), and the yttrium-90 (Y-90) daughter of the latter must be 
determined precisely because all three radionuclides are measured in 
the same sample and must be distinguished by their radioactive 
ingrowth and decay patterns. Any error in the determination of one 
results in an opposite error in the calculated activity of the other. 
That is, if Sr-89 is underestimated, Sr-90 will be overestimated. 
Furthermore, the counting efficiency of each radionuclide depends on 
the sample mass, hence efficiency values must be determined for the 
entire range of possible sample weights. 
The activity of Sr-90 and Y-90 can be determined in a sample by 
first chemically separating strontium and then measuring the beta-
particle activity on two occasions. The first count is due to Sr-90 
with a minimal count contributed by Y-90. If the sample is then 
measured two weeks later, the Y-90 (64.2 hour half-life, 2.28 MeV 
max. beta particles) daughter of Sr-90 will have grown into the sample 
according to a defined growth rate and the Sr-90 will have essentially 
remained constant. 
The counting samples are conventionally prepared with a strontium 
"carrier" which is added at the beginning of the separation process as 
a measured reagent volume with known amount of activity of 
standardized strontium solution. The purified strontium samples are 
weighed before counting. The advantage of this procedure is that the 
recovery of strontium is determined by comparing the final weight to 
that of the initially added strontium, thus monitoring any losses and 
permitting compensation for such losses. 
Self Absorption of Beta Particles 
Whenever the beta activities of samples of finite thickness are 
measured, consideration should be given to the effect of absorption of 
electrons in the samples themselves. To make correction for this 
effect negligible, the sample thickness should be no more than about 
one percent of the range of the electrons. Thin samples make it 
possible to have only a small self-absorption correction, and it is 
usually necessary to arrange that samples are spread uniformly over 
the sample-mounting area. 1 In this experiment, filtration is 
performed on a small tared sintered glass crucible filter which gives 
reasonable uniform deposits of precipitates on the filter paper. The 
precipitate has a surface area of 2.27 cm 2 
For the measurement of soft beta radiation from an appreciably 
thick sample, it is theoretically possible to calculate the effect of 
absorption of the radiation in the sample (self-absorption); however, 
no rigorous calculation is practical because it would require that the 
absorption curve for the radiation, the thickness of the sample, the 
solid angle subtended by the counter and the back-scattering effect be 
taken into account. If possible, the samples should be made less 
thick than the half-thickness value for the radiation. When thicker 
samples must be used, it is advisable either to standardize the 
thickness at a fixed value or to prepare an empirical calibration 
curve for different thicknesses. 1 
Work with appreciable thick samples is most frequently necessary 
for the low-energy beta emitters, especially C-14 and S-35. When 
thicker and thicker samples are prepared from an active material--for 
example, BaCO 3 containing C-14--the measured counting rate at first 
increases because of the greater total activity in the sample and then 
approaches a constant value.' 
1. 	 Gerhart Friedlander and Joseph W. Kennedy, Introduction 
To Radiochemistry, PP. 229, 231, New York, John Wiley 
and Sons, INC., 1949. 
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Procedure - Sr(NO3)2 Carrier + Sr-89 tracer: 
1) X* ml aliquot of carrier is pipetted into each tube 
2) 0.5 ml of Sr-89 tracer is added 
3) Solution is diluted up to 20 ml with deionized water 
4) 0.5 ml of 1N NaOH is added 
5) 1.5 ml of 3N Na2CO3 is added 
6) The mixture is heated and stirred for 20 min. 
7) The solution is cooled and then centrifuged and the 
supernatant is discarded 
8) The precipitate (ppt) is washed with water and then 
centrifuged, and the supernatant is discarded 
9) The ppt is suspended in water and collected on a 	tared 
membrane filter (Gelman) of 25 mm diameter and 0.45-um 	 pore 
size in a sintered glass crucible. 
10) The ppt is washed with water, 95% Ethanol, and ether. 
11) The ppt dried under a heat lamp, let cool to room tempera- 
ture, and weighed. 
12) The ppt is mounted on a plastic disk of 0.1 cm thickness 
which is covered with mylar (1.7 mg/cm 2 ), and sealed with a 
plastic ring. 
13) The ppt is is placed in a stainless steel holder in the 
detector. Beta particles are counted with.a Tennelec X-B 
LB-5100 detector. 
X=0.1 ml, 0.2m1, 0.4m1, 0.6m1, 0.8m1, 1.0m1, 1.25m1, 1.50m1, 
1.75 ml and 2.0 ml. 
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Dilution of Sr-89 tracer 
Bottle # 2462-1 
Activity of the tracer as of 10/23/1987 was 72,9 nCi/gm. 1.0167 
gm of the solution had been removed by the Georgia Power Co. Lab. 
Received 3.21 ml of the solution. The original solution was 
5.0 gm (5m1). 
3.21 + 1.0167=4.2267 ml of the tracer 
5 gm x 72.9 nCi/gm = 364.5 nCi 
Concentration after correction for weight loss 
= 364.5 nCi = 86.24 nCi/m1 
(as of 10/23/1987) 
(-0.693 x 164) 
A=Aoe-lt 	= 86.24 nCi e 	50.5 	= 9.085 nCi/ml 
(as of 4/4/1988) 
(concentration)A (Volume)A = (concentration)B (volume)B 
(9.085 nCi/ml) (3.21 ml) = (concentration)B (50.ml) 
(concentration)B = (9.085 nCi/m1)(3.21 ml)  
50 ml 
= 0.583 nCi/ml = 583 pCi/m1 
(As of 4/4/1988) 
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Procedure - Sr(NO3)2 carrier + Sr-90 tracer: 
1. To a 100-m1 water sample, X* ml of Sr(NO3)2 carrier and 1 ml of 
barium carrier (16 mg/ml) are added. 
2. Make basic with a few drops of 1 N NaOH to phenolphthalein 
endpoint and then heat. 
3. Add 5 ml of 1.5 m Na2CO3, stir and digest until SrCO3 coagu-
lates, and cool overnight. Decant as much liquid as possible, 
then collect precipitate by centrifuging; discard supernatant. 
4. Wash precipitate with 15 ml water and discard wash solution. 
5. Dissolve precipitate with 1 ml 6 N HNO3. 
6. Add 25 ml 16N HNO3, stir, and cool in an ice bath for 5 minutes. 
7. Centrifuge, discard supernant. 
8. Dissolve precipitate with 10 ml water and add 0.5 ml 0.1 M 
FeC13. 
9. Heat the solution to near boiling in water bath and add 6 N NH4OH 
dropwise until Fe(OH)3 precipitates. 
10. Cool, centrifuge, and transfer supernant to a clean centrifuge 
tube. 	Discard precipitate. Note time of last precipitation; 
this is the beginning of yttrium ingrowth. Complete steps 11 
through 18 without delay to minimize ingrowth of Y-90. 
11. Add 3 drops methyl red indicator, and adjust pH to near 5 with a 
few ml of 1 N HC1. (Color change is from yellow to red.) 
12. Add 5 ml ammonium acetate buffer solution and heat in water bath. 
13. Slowly add 1 ml of 0.5 M Na2Cr04. stir, heat, and centrifuge. 
Transfer supernatant to a clean centrifuge tube; discard residue. 
14. Add 2 ml of 15 N NH4OH to the supernatant, heat in water bath, 
and slowly add, with stirring, 5 ml of 1.5 M Na2CO3. 	Digest 
until precipitation is complete, cool, centrifuge, and discard 
supernatant. 
15. Dissolve precipitate with 5 ml of 1 N HC1, add 10 ml water, and 
repeat step 14. . 
5 
and discard wash solution. 
17. Slurry the precipitate with minimum amount of water, transfer 
to a tared sintered glass crucible and collect on a Gelman 
membrane filter of 25 mm diameter and pore size 0.45 um pore 
size. 
18. Wash the precipitate with water, 95% ethanol, and ether. 
19. Weigh the precipitate and mount it on a plastic disk (0.1 cm 
thickness), covered with mylar (1.7 mg/cm2), and sealed with a 
plastic ring. 
20. Count the precipitate immediately for beta particles. The sample 
is placed in a stainless steel holder and counted with a Tennelec 
X-B LB-5100 detector. 
= 0.1m1, 0.2m1, 0.4m1, 0.6m1, 0.8m1, 1.0m1, 1.25m1, 1.50m1, 1.75m1, 
and 2.0m1. 
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Dilution of Sr-90 tracer: 
Bottle #2019-10 
Activity of the tracer as of 6/15/1987 was 4.48 nCi/gm. 2 ml of 
this solution was taken and diluted to 50 ml. The original solution 
was 5 ml (5gm). 
(concentration)A(volume)A = (concentration)B(volume)B 
k4.48 nCi/ml)(2 ml) = (concentration)B(50 ml) 




Georgia Power Co. and Georgia Tech Environmental Radiation Lab. 
results are tabulated in Appendix A and B respectively for Sr-89. 
Appendix C and D contain results of Sr-90 and Y-90 .for Georgia Power 
and Georgia Tech respectively. 
Sr-89: Counting efficiency increases slightly as the weight of 
precipitate increases from about 3.5mg (0.1 ml) to 6.5mg 
(0.2 ml), but then decreases slowly with increase in 
precipitate weight. 	This result is observed both in 
Georgia Power and Georgia Tech detectors. Plotted graphs 
are average of at least three data points. Some points have 
not been used in average calculation, if those points were 
three standard deviation (+30) from the mean value. 
Sr-90: Counting efficiency increases sharply as the weight of 
precipitate increases from about 2.5 mg (0.1 ml carrier) to 
5 mg (0.2 ml carrier), but then it decreases steadily with 
increase in precipitate weight. 	All the average data 
points except the ones for 	5 mg (0.2 ml carrier) and 11 
mg(0.4 ml carrier) fall within 0.25-1.5% of the plotted 
curve. One needs to have more data points at 0.2 ml and 0.4 
ml carrier in order to determine how the efficiency behaves 
at these values. Fortunately, the amount of carrier that is 
normally used is greater than the above values, at well-
defined efficiency values. Results from the Georgia Power 
detector and Georgia Tech are similar. Plotted on graphs 
are averages of three data points. 
Y-90: 	Counting efficiency increases sharply as the weight of 
precipitate increases from 2.5 mg(0.1 ml carrier) to 5 mg 
(0.2 ml carrier), but then remains constant with increase 
in precipitate weight. All the average data points except 
the ones for 	5 mg (0.2 ml carrier) and 11 mg (0.4 ml 
carrier) fall within 0.25-1.5% of the plotted curve. One 
needs to have more data points at 0.2 ml and 0.4 ml carrier 
in order to determine exactly how the efficiency behaves at 
these values. The amount of carrier that is mostly used is 
greater than these values. Results from the Georgia Power 
detector and the Georgia Tech detector are similar. Plotted 
graphs are average of three data points except for 1.25 ml 
carrier. 	One of the data points at 1.25 ml had to be 
discarded since it 'did not fall within + 35 of the mean. 
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Conclusion 
In summary, the % efficiency for Sr-90 is much lower than it is 
for Sr-89. Efficiency for Y-90 is higher than it is for Sr-90, may be 
lower at range 0.1-0.4 ml carrier than it is for Sr-89, but it then 
exceeds Sr-89 efficiency when more than 0.4 ml of carrier is used. 
This finding is observed both in Georgia Power and Georgia Tech 
detectors. 
The yield for Sr-90 was lower than it is for Sr-89 because there 
are many more steps in the Sr-90 procedure than there are for Sr-89. 
Therefore, there is a tendency for lower recovery for Sr-90. 
9 
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